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Abstract 
 
The present paper is concerned with the potential of empirically-based methods to capture the microclimate variance across a city 
and its implications for the performance of buildings. We explore the possibility to explain microclimatic variance across an urban 
area based on geometric and semantic attributes of specific locations. We use high-resolution and dynamic weather data streams 
across numerous urban locations in the city of Vienna, Austria. Using advanced data extraction methods, the values of a number 
of urban attributes that are hypothesized to contribute to the urban microclimate variance (e.g. morphological factors, semantic 
properties of urban surfaces) are derived for these locations. The results point to the likelihood that correlations between location-
based climatic conditions and distinct urban attributes exist and could be potentially harnessed to formulate empirically- based 
algorithms for generating customized microclimatic boundary conditions. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
The energy and thermal performance of individual buildings is affected in part by their specific urban settings 
(morphology, street canyons, urban surfaces, etc.) as well as the immediate urban microclimate [1,2,3]. This 
circumstance is specifically relevant to the deployment of highly sophisticated numerical modeling to predict the 
thermal  performance  of  buildings.  Typically,  building  performance  simulation  is  undertaken  with standardized 
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weather files which are based on long term observations (weather records) from reference weather stations (typically 
located in the proximity of airports) [4,5]. Thus, such files provide a rather general perspective on the weather 
conditions in the city and do not necessarily represent in a detailed manner the dynamics and variability of 
microclimatic conditions around the existing or designated location of a building. 
In this context, the present paper is concerned with the potential of empirically-based methods to capture the 
microclimate variance across a city and to further outline the implications of this variance for the performance of 
buildings. Specifically, we explore the possibility to explain and approximately predict  microclimatic variance across 
an urban area based on geometric and semantic attributes of specific locations [6,7,8]. Toward this end, we use 
high-resolution and dynamic weather data streams across numerous urban locations (referred here to as Urban Units 
of Observation or U2Os) in the city of Vienna, Austria. Using automated and semi-automated data extraction methods, 
the values of a number of U2O variables that are hypothesized to contribute to the urban microclimate variance 
(e.g. topographic and morphological factors, semantic properties of urban surfaces) are derived for these locations 
[9,10]. Hence, the existence and significance level of correlations between location-based climatic conditions and 
distinct aggregate morphological and physical attributes of urban domains (U2O variable values) are assessed [11]. 
The results obtained thus far point to the likelihood that such correlations exist and could be potentially harnessed to 
formulate empirically-based algorithms for generating customized (i.e. location-specific) microclimatic boundary 
conditions. The corresponding documents could replace the conventional weather files in building simulation 
applications, such that a more detailed and realistic description of the microclimatic boundary conditions of 
individual buildings can be achieved. The research results are thus expected to contribute to the efforts targeted at 
more reliable simulation-supported analyses of the consequences of microclimate variance for the thermal performance 
of buildings. 
 
2. Urban climate variance 
 
The empirical study was conducted at five areas in the city of Vienna, Austria. Specifically, high-resolution 
weather datasets were collected at four distinct urban domains (low-density suburban and high-density urban 
typologies) and one reference rural domain (see Table 1). Figures 1 and 2 show the mean hourly air temperature 
distribution for selected locations for reference days representing the summer and winter periods of the year 2012. 
These results show considerable difference between the observed areas across time (day, season) and space (location), 
pointing to the temperature differences of up to 2 K within the urban areas. 
 
Table 1. Overview of selected study areas. 
 
Domain Location Elevation 
IS Innere Stadt Urban (central) 177 
GD Gaudenzdorf Urban (peripheral) 179 
HW Hohe Warte Urban (peripheral) 198 
DF Donaufeld Urban (peripheral) 161 
R Seibersdorf Rural 185 
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Fig. 1. Mean hourly temperature distribution for the reference day in (a) winter; (b) summer. 
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3. Relevant variables of an urban area 
 
A better understanding of the complexity behind the urban climate variance requires proper identification of 
distinct urban characteristics that are hypothesized to contribute to this variance [12,13]. Toward this end, the selection 
of essential geometric and physical features (Tables 2 and 3) was based on past research [14,15,16,17]. The selected 
variables are meant to capture the urban morphology of a specific urban area, or as we call it, an U2O (Urban 
Unit of Observation), along with describing the thermal characteristics of urban surfaces. These urban 
characteristics are often considered as fundamental factors in view of the heat balance of urban systems [18]. 
 
Table 2. Variables to capture the geometric properties of an U2O. 
 
Geometric properties Abbr/Symbol Definition 
Sky View Factor SVF Fraction of sky hemisphere visible from ground level 
Aspect Ratio HW Mean height-to-width ratio of street canyons 
Built area fraction BAF The ratio of building plan area to total ground area 
Unbuilt area fraction UAF The ratio of unbuilt plan area to total ground area 
Impervious surface fraction ISF The ratio of unbuilt impervious plan area to total ground area 
Pervious surface fraction PSF The ratio of unbuilt impervious surface area to total ground area 
Equivalent building height he The ratio of built volume (above terrain) to total ground area 
Built surface fraction BSF The ratio of total built surface area (walls and roofs) to total built area 
Effective mean compactness lc The ratio of built volume (above terrain) to total surface area (built and unbuilt) 
Mean sea level hl Average height above sea level 
 
 
 
Table 3. Variables to capture the surface and material properties of an U2O. 
 
Surface/material properties Abbr/Symbol Definition 
Reflectance/albedo Dsw Fraction of reflected direct and diffuse shortwave radiation 
Emissivity Hlw Ability of a surface to emit energy by radiation (longwave) 
Thermal conductivity O Property of a material's ability to conduct heat, given separately for impervious 
and pervious materials 
Specific heat capacity c Amount of heat required to change a body's temperature by a given amount, 
given separately for impervious and pervious materials 
Density U Mass contained per unit volume, given separately for impervious and pervious 
materials 
Anthropogenic heat output QF Heat flux density from fuel combustion and human activity (traffic, industry, 
heating and cooling of buildings, etc.) 
 
 
The corresponding values of the above introduced variables were derived for the selected urban areas using advance 
data extraction methods. For this purpose, high-detailed Digital Elevation Models (DEMs) were incorporated into 
Geographic Information System (QGIS) and a Python-based framework was developed [see, 9,10]. A specific set of 
algorithms was engineered and further used for the quantitative analysis of the microclimatic attributes. Having thus 
obtained the numeric values of the aforementioned U2O variables, they could  be made subject to various analyses. A 
specific fruitful analysis involved a structured comparison of such values for multiple locations (Figure 2). Thereby, 
a specific arrangement of the related scales revealed category distinctions in terms of locations with predominantly 
urban, suburban or rural character [19,20]. For each U2O, a representative Cumulative Temperature Increase (CTI), 
an original indicator of "overheating", was derived based on measured data [11]. CTI 
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denotes the sum of the hourly differences between the urban and rural temperatures (θU, θR) over a specific period of 
time (e.g., over a reference day in summer), whereby only positive differences (θU > θR) are considered: 
 
24 
CTI   ¦ (TU ,i  TR ,i ) 
i 1 
 
 
 
Fig. 2. Values of selected U2O variables for urban locations around five weather stations (IS, GD, HW, DF, R) in the city of Vienna. 
 
 
 
4. Derivation of empirically-based models 
 
Once the CTI values are derived, the existence and extent of correlations between location-based climatic 
conditions and U2O variables can be empirically examined. Despite the very small number of instances, we undertook 
such an examination. The respective results (Figures 3 and 4), while not at all significant from the statistical 
point of view, are nonetheless consistent and plausible. They thus encourage further explorations in this direction. 
Specifically, such explorations may result in general empirically-based mathematical formulations of the relationship 
between the values of an indicator such as CTI and the values of multiple location-specific U2O variables. Such a 
relationship may be formulated, for instance, in the following linear manner: 
 
 
CTI 
  EESVF   EHW   EPSF   EISF  Eh   EBSF  El  ED
(i ) 0 1 ( i ) 2 ( i ) 3 ( i ) 4 ( i ) 5 e ( i ) 6 ( i ) 7 c ( i ) 8 sw( i ) 
Here, Eto Edenote coefficients to be calibrated for a given urban settings. The analysis of the available data for 
the city of Vienna, which applied Least-Squares Fitting method, results in the following concrete form of the above 
general equation. 
CTI  3.23 12.99 SVF 7.05 HW 21.96 PSF 11.58 ISF 15.46 h 34.85 BSF 10.76 l  10.99 D
e c sw 
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Obviously we cannot validate the above equation using the same set of data that was used to derive it. We are 
thus currently collecting data from a larger network of public and private weather stations to be deployed toward 
future model evaluation and improvement activities. 
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Fig. 3. CTI as a function of (a) Sky View Factor; (b) urban canyon Aspect Ratio. 
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Fig. 4. CTI as a function of (a) Effective Mean Compactness; (b) Albedo. 
 
 
5. Conclusion 
 
This contribution presented a systematic study of the urban microclimatic variance for the city of Vienna. The 
results show that local microclimatic conditions can vary considerably depending on the site features such as urban 
density and morphology, surface properties, extent of vegetation, and sources of anthropogenic heat emissions. 
Thereby, we defined and computed the distinct values of a number of geometric and semantic variables that are 
hypothesized to correlate with pertinent microclimatic indicators (such as CTI). While not  statistically representative, 
the correlational analyses conducted so far point to the potential of relatively simple empirically- based models 
toward predicting microclimatic conditions based on location-specific attributes. Such models are expected to support 
the generation of customized microclimatic boundary conditions, providing thus more reliable input information for 
simulation-based predictions of building performance and outdoor thermal comfort. 
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